We analyze the relation between the large N limit of 6 dimensional superconformal field theories with eight supercharges and supergravity on orbifolds of AdS 7 × S 4 . The spectrum of Kaluza-Klein harmonics of supergravity on AdS 7 × S 4 was already found by van Nieuwenhuizen et al. some time ago. By orbifolding projection of Kaluza-Klein harmonics, we get the chiral primary operators of 6 dimensional SCFT which can be realized on the worldvolume of M5 brane sitting at orbifold singularities. April, 1998 
Introduction
Recently, the connection between anti-de Sitter (AdS) space and the dynamics of worldvolume of D brane has been actively studied in many literatures. Maldecena [1] proposed that large N limit of super conformal field theories (SCFT) can be described by supergravity limit on AdS. Furthermore, the correlation functions in the SCFT that has as its spacetime the boundary at infinity of AdS can be obtained by the dependence of the supergravity action on the asymptotic behavior of its fields at the boundary [2, 3] . One can get the scaling dimensions of operators in the SCFT from the masses of particles in string/M theory.
Moreover, for any given N = 2, 1, 0 superconformal model in 4 dimensions there exists type IIB supergravity theory on orbifolds of AdS 5 × S 5 [4, 5] . This proposed duality has been tested by studying the Kaluza-Klein (KK) states of supergravity theory on the orbifolds of AdS 5 × S 5 and comparing them with the chiral primary operators of the SCFT on the boundary [6] .
As we go one step further, the field theory/ M theory duality gives a supergravity theory on the AdS 4 or AdS 7 for any superconformal theory in 3 and 6 dimensions, respectively. The maximally supersymmetric theories in 3 and 6 dimensions have been studied recently [7, 8, 9, 10, 11] . The lower supersymmetric case was realized on the worldvolume of M theory branes sitting on the orbifold singularities [12] (See also [13] ). Very recently, along the line of [6] , the Kaluza-Klein states of supergravity theory on the orbifolds of AdS 4 × S 7 were studied and compared with the chiral primary operators of the SCFT on the boundary [14] .
In this paper, we investigate the Kaluza-Klein states of supergravity theory for an orbifolds of AdS 7 ×S 4 and using the correspondence between AdS compactifications and SCFT we obtain the dimensions of operators in the superconformal multiplets.
2
Review on AdS 7 and (0, 2) SCFT
We briefly review the SCFT/AdS 7 relation proposed in [2, 3] . The boundary of AdS 7 is a 6 dimensional Minkowski space with points at infinity added. The isometry group of AdS 7 is SO(6, 2) which is also the conformal group on the boundary. The proposed duality relates M theory on AdS 7 to the large N limit of SCFT on its boundary. In the Euclidean version the boundary is 6 sphere S 6 . Consider the maximally supersymmetric case, so that the internal space is also a sphere. Let φ be a scalar field on AdS 7 and φ 0 its restriction to the boundary S 6 . According to the SCFT/AdS 7 correspondence, φ 0 couples to a conformal operator O on the boundary through a coupling S 6 φ 0 O.
When φ has mass m, the corresponding operator O has the conformal dimension ∆ given by the following relation
Irrelevant, marginal and relevant operators of the boundary theory correspond to massive, massless and tachyonic modes in the supergravity theory. If a p-form C on AdS 7 couples to a 6 − p form operator O on the boundary through a coupling S 6 C ∧ O, then the relation between the mass of C and the conformal dimension of O is given by
The value of m 2 in this formula refers to the eigenvalue of the Laplace operator on the AdS 7 space in the supergravity side. These values that are usually quoted for p-forms are the eigenvalues m 2 of the appropriate Maxwell-like operators. The correpondence of these to the dimension is given by [15, 7] 
The massless graviton in the AdS 7 supergravity couples to the dimension 6 stress-energy tensor of the SCFT. When the internal space has continuous rotational symmetry, there exist also AdS 7 massless vector fields in its adjoint representation which can couple to the dimension 5 R symmetry currents of the SCFT.
Let us consider M theory on AdS 7 × S 4 with a 4-form flux of N quanta on S 4 , and with the radii of the AdS 7 and S 4 being R AdS 7 = 2R S 4 = 2l p (πN) 1/3 . Eleven dimensional supergravity is appropriate at energies much smaller than the Planck scale 1/l p . For large N this includes the energy range of the Kaluza-Klein modes, whose mass is of the order of 1/R AdS 7 . The bosonic symmetry of this compactification of eleven dimensional supergravity is SO(6, 2) × SO(5). In [1] it was proposed that the (0, 2) conformal theory, which is the decoupled theory on N parallel M5 branes, is dual to M theory on the above background. The SO(6, 2) part of the symmetry of the supergravity theory is the conformal group of the SCFT, which can be thought of as living on the boundary of the AdS 7 space. The SO(5) part of the symmetry corresponds to the R symmetry of the superconformal theory.
The Kaluza-Klein excitations of supergravity, in the maximally supersymmetric cases, all fall into small representations of supersymmetry. Thus, their mass formula is protected from quantum and string/M theory corrections. According to the proposal in [3] , they can couple to chiral fields of the SCFT on the boundary, whose scaling dimensions are also protected from quantum corrections.
The spectrum of the Kaluza-Klein harmonics of supergravity on AdS 7 × S 4 was analyzed in [16] some time ago. There are three families of scalar excitations. Two families contain states with only positive m 2 and corresponding only to irrelevant operators. One family has also states with negative and zero m 2 . They fall into the k-th order symmetric traceless representation of SO (5) with unit multiplicity. Their masses are *
The field corresponding to k = 1 also appears in the supergravity, and this is the singleton which may be gauged away except at the boundary of the AdS space and decouples from all other operators. Using (2.1), the dimensions of the corresponding operators in the SCFT are
These are precisely the dimensions of the chiral primary operators found in [17] , which parameterize the space of flat directions (R 5 ) N /S N in a gauge invariant way and this can be viewed as a test of the conjecture of [1] .
There is one family of vector bosons that contains also massless states
Using (2.3), the dimensions of the corresponding 1-form operators in the SCFT are given by
The massless vector at k = 1 in (2.6) corresponds to the dimension 5 R symmetry current in SCFT. In general, chiral fields corresponding to all the towers of Kaluza-Klein harmonics are related to the scalar operators of (2.5) by the superconformal algebra, as discussed in the four dimensional case in [15] . Each value of k gives rise (at least for large enough k) to one field in each tower of KK states, with an SO(5) representation that is determined by the representation of the scalar field. In particular, the R symmetry currents and the stress energy tensor sit in the same superconformal representation as the scalar field with k = 2 mentioned above. an appropriate orbifolding leads to (0, 1) theories on the world-volume of the M5-brane. In order to keep the AdS 7 structure in the near-horizon geometry, the orbifolding should act on S 4 only [12] .
One approach to obtain such orbifolds would be breaking S 4 into fiberations of smaller dimensional spheres over a base manifold. Then one can obtain an orbifold by taking actions on the base. The SO(5) isometry will be broken into the isometry groups of both the fiber and the base. By embedding of a discrete group into the isometry of the base correspoing to the orbifolding, the isometry group of the base will be broken further. This method has been inspired by the work of Entin and Gomis [14] in the context of AdS 4 × S 7 .
To explain this explicitly, let
where ρ is the radius of the 4 sphere S 4 given by ρ = R S 4 = l p (πN) 1/3 as we mentioned previous section. We list the possible fiberations of S 4 induced by the coordinate projections.
• Case 1
Then the generic fiber will be 3 sphere S 3 and the only isometry of the base leaving the boundary of the base invariant is Z 2 whose action is given by x 1 ↔ −x 1 . Now we take the orbifold projection by Z 2 . Then we obtain teh hemisphere of Berkooz [13] which is made of a bundle of 3-sphere over a 1 dimensional manifold D 1 /Z 2 . Thus this theory has an SO(4) symmetry. Futhermore, it is states in [13] that the field theory can acquire a global E 8 symmetry by placing E 8 vector gauge field on the fiber over x 1 = 0.
• Case 2
The generic fiber is 2 sphere S 2 and the the base D 2 can be embedded into a complex z-plane C by letting z = x 1 + ix 2 . Now the discrete subgroup Z k of U(1) can act on the base D 2 . Under the Z k projection, the SO(3) = SU(2) symmetry is intact and only charges which are multiple of k are allowed in the theory.
• Case 3
The generic fiber is a circle S 1 and the discrete subgroups of SU(2) = SO(3) can act on the base D 3 . Under the Z k projection, the U(1) symmetry is intact. We know that the (0, 1) theory has a global symmetry SU(2) R and this cannot be realized because the SU(2) symmetry is broken by the action of the Z k group. So this case does not fit our goal.
• Case 4
The generic fiber is two points and the base can be embedded into a (u, v)-complex space C 2 by letting u = x 1 + ix 2 , v = x 3 + ix 4 . Now we can break the isometry SO(5) into SO(4) × Z 2 . A discrete group Γ of ADE-type can act on the base D 4 . By embedding of Γ into the first factor SU(2) Γ of SO(4) = SU(2) Γ × SU(2) R , SO(5) has further broken into Γ × SU(2) R . The theory has an additional Z 2 symmetry which interchanges the upper hemisphere and the lower hemisphere.
We are going to work out the cases 2 and 4. First let us consider the case 4. We will exhibit the group actions Γ in details for the π 4 case:
binary tetrahedral group of order 24
binary octahedral group of order 48
binary icosahedral group of order 120
The Kaluza-Klein harmonics of supergravity on AdS 7 × S 4 /Γ are Γ invariant states and can be obtained by Γ projection of the Kaluza-Klein harmonics on AdS 7 × S 4 discussed in previous section. Let us consider the scalar modes with mass formula given by (2.4) and check the relevant and marginal chiral primary operators in this family. We list Sp(4) → SU(2) Γ × SU(2) R and Sp(4) → SU(2) R branching rules for convenience in the Appendix A and B.
•A k−1 (Γ = Z k ) Note that SU(2) Γ representations can be realized as representaions on the space of homogeneous polynomials and the invariant polynomials under the action of Z k are generated by uv, u k , v k . Thus, for general k, we will keep only the odd dimensional representations of SU(2) Γ since these contain the powers of uv.
• The k = 1 Kaluza-Klein particle in (2.4) transforms in the 5 of SO(5). By decom-posing 5 into representations of SU(2) × SU(2) R [19, 20] , we obtain 5 = (2, 2) ⊕ (1, 1) .
(3.8)
Now we perform the Γ projection on (3.8). The (1, 1) is invariant under the Γ so the state 1 with respect to SU(2) R will survive the projection. However, these Kaluza-Klein modes can couple to dimension 2 operators. Only some of allowed projected states will be survived in the lower supersymmetry multiplets. A (0, 1) superconformal subalgebra of (0, 2) superconformal algebra has a generator, R, of the SU(2) R symmetry. The dimensions of chiral operators are determined by SU(2) R symmetry half integer, so called spin s and by SO(6) Lorentz quantum numbers. In this case SO(6) weights are zero. Then the scaling dimensions of chiral primary operators are determined by spin as [18] .
This implies that a dimension 2 chiral primary operator has the spin 1/2. Therefore 1 has the wrong spin to couple a dimension 2 chiral operator and we do not expect any dimension 2 chiral operators in the boundary (0, 1) SCFT. Rather we would expect that the dimension 2 operators which are not chiral primary to couple to the KaluzaKlein modes in the 1. In the (0, 2) SCFT, (2, 2) and (1, 1) in (3.8) sit in the same supermultiplet and the masses of (1, 1) Kaluza-Klein states were protected while for (0, 1) SCFT, there is no such guarantee.
• The k = 2 Kaluza-Klein particle in (2.4) which transforms in the 14 of SO(5) should couple to a dimension 4 chiral primary operator. Decomposing the 14 into representations of SU(2) × SU(2) R gives
The (3, 3) and (1, 1) are invariant under the Z k projection which give 3 and 1 under SU(2) R . However, 3 is the only part which come from the decomposition (3.10) with the correct spin to couple a dimension 4 chiral primary operator according to (3.9) . Therefore, we expect to have chiral primary operators on the 3 of the SU(2) R group in the boundary SCFT.
• The k = 3 massless Kaluza-Klein particle in (2.4) should couple to dimension 6 chiral primary operators. It transforms in the 30 which decompose as
The (3, 3) and (1, 1) are invariant under the Γ projection. However, their spins are not consistent with coupling to a dimension 6 chiral operator from the analysis of (3.9).
Therefore, there are no Kaluza-Klein harmonics in this family that can couple to dimension 6 chiral primary operators and no such operators are expected in the boundary (0, 1) SCFT.
• The massless vector k = 1 in (2.6) is in the 10 of SO(5). Decomposing 10 we get
The (3, 1) and (1, 3) are invariant under the Γ projection. From the result of [18] , isolated values of dimensions occur at ∆ = 4s + 5 for the vector. This implies that (3, 1) is the only part in the decomposition (3.12) with the correct spin to couple a dimension 5 chiral primary operator. Therefore, we expect that the superconformal primary is given by a 1 i.e. a singlet of SU(2) R . It is rather straightforward to check the scaling dimensions with right quantum numbers for other massive representations: spinors, higher rank tensors and so on.
Since the binary diheral group D k−2 is generated by the cyclic group Z k−2/2 and a reflection, it will further restrict the representations. For our purpose, notice that 3 does not have an invariant component since uv is not invariant under the reflection. Now we go to the case 2 i.e. to the projection π 2 as in (3.4) . In this case the SO(5) group is broken to SU(2) R × U(1)/Z k . The branching rule and (3.9) analysis tells us that there is no allowed Γ invariant states.
Conclusion
We studied the relation between chiral primary operators of SCFT in 6 dimensions and the KK states of supergravity on orbifolds of AdS 7 × S 4 . This generalizes the relation between the chiral primary operators of (0, 2) SCFT and KK states of supergravity on AdS 7 × S 4 found in [7, 8, 9, 10] . We get the KK modes in the orbifold models by projecting those of supergravity on AdS 7 × S 4 on Γ invariant states.
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5 Appendix A: Sp(4) Branching Rule I Fields Sp(4) Dynkin label SU(2) × SU(2) R √ 3 index anti. tensor (0, 0) : Table 4 . The fourth superconformal multiplet, its Sp(4) Dynkin labelling and branching rules for SU(2) R .
